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INTRODUCTION
Wheat (Triticum asetivum L.) grain yields have greatly
increased since the 1950's.The "green revolution" in wheat
and rice has shown that genetically superior cultivars with
appropriate management practices can enhance food
production.For a continued grain yield improvement in
cereals, plant breeders must gain a better understanding of
those morphological and physiological traits which influence
grain yield.
Some breeders have focused on developing cultivars with
larger spikes as one way to achieve enhanced photosynthesis
for grain production.The advantages of this strategy are
two fold.First, spike size traits are easily selected in
the field.More importantly, a spike has two of the three
major grain yield components, kernels per spike and kernel
weight.Spike size, including spike length, spikelets per
spike, fertile spikelets per spike, and kernels per
spikelet, may directly or indirectly be associated with
these grain yield components and as a result influence grain
yield.
Efficient selection for plants with large spikes
depends on the inheritance of those traits associated with
spike size and their interrelationship.Also the2
possibility of the environment influencing the expression of
genes governing these traits must be taken into
consideration. A major environmental effect may result due
to different planting densities which exist between early
segregating population and genetically uniform advanced
lines.Previous studies suggest that in higher planting
densities spikes are smaller due to competition between
plants and within a plant between spike initiation and
tillering.
Several previous studies have concentrated on either
how planting density affected spike size and other agronomy
traits or in identifying possible relationships between such
traits with grain yield.The present study compares
selected traits both on a plant and a plot basis.The three
objectives were: 1) to determine the effect of planting
density on traits influencing spike size and other selected
traits; 2) to examine possible associations between traits
which influence spike size, the components of grain yield
and grain yield; and 3) to determine possible relationships
between the measured traits in response to different
planting densities.3
LITERATURE REVIEW
Grain yield in wheat can be divided into three major
components, number of kernels per spike, number of tillers
per plant, and kernel weight.These components are
interrelated and associated with other morphological traits.
To obtain maximum grain yield, a plant must have sufficient
photosynthate (source), and a large enough space to store
the product (sink).Plant morphological traits, as measured
in size and weight, can be used as criteria to measure the
adequacy of either the source or sink.Depending on
genotype and environment effects and possible interactions,
the association between components of grain yield and
related traits may change in magnitude.Under certain
environment, the source may be favored at the expense of the
sink.Spike size is one of the important factors in
determining "sink" capacity.The focus of this literature
review will include information on: 1) spike formation as
influenced by the environment, 2) influence of plant density
on spike development and subsequent grain yield and 3)
association between spike size and grain yield.
Spike Formation as Influenced by the Environment
Spike differentiation and subsequent development
determines spike size.A wheat plant passes through three4
major stages in reaching the reproductive phase.These
involve the juvenile, inductive and initiation stage.The
double ridge formation is a morphological indication of
initiation stage of the spike.
Development of the spike can also be divided into four
phases.Each phase has a different influence on spike size
as described by Gallapher (1979).The first phase is leaf
initiation.During this phase primordia destined to become
leaves are initiated while the apex slowly elongates.The
leaf number depends on the number of leaf primordia
presenting in the seed embryo.It is also determined by the
average rate and duration of leaf initiation.This phase
ends with the initiation of a primordium which will become
the collar of a mature spike (Kirby, 1974).Spike formation
is the second phase.Here primordia will form spikelets and
florets, which might be loosely termed potential grain
sites.In spring wheat, spikelet primordia are formed at
rate 3-4 times faster than in winter wheat (Gallagher,
1979).At the end of this phase the maximum floret number
has been achieved.The spike formation phase is important
as grain size will vary with specific sites on thespike.
In both winter and spring wheat, later initiated florets
result in smaller grain (Kirby, 1974). Gallagher (1979)
suggested that more synchronous floret development would be
advantageous in obtaining uniformly large seed.Spike
growth and floret development represents the third stage.5
Florets develop rapidly, but only some of the flowerswithin
the floret will be fertilized at anthesis.This phase ends
at anthesis and the number of viable floretswithin the
spikelet is determined (Evens et al., 1972).Pollination
and grain set is the last phase in spike formation.
Generally only about 80 percent of potential florets set
seed.The failure of distal florets does not appear to
result from greater resistance of the vascular transport or
a shortage of mineral nutrients (Langer andDougherty,
1976).Evidence for a hormonally mediated inhibition of
grain set was provided by Evens et al.(1972).They observed
that compensatory grain setting followed sterilization and
delayed pollination resulted in fewer, but large kernels.
Dougherty et al (1975) provided evidence showing that
assimilate supply and soluble carbohydrate levels during
latter growth stages were very important in determining
grain set.
A detailed study of the spike development was made by
Gardner et al (1985).Changes in the shoot apex from
vegetative apex to terminal spikelet were divided into the
formation of nine events as following: 0) the stage of
vegetative apex, 1) start of apex elongation, 2)elongation
with single ridge, 3) double ridge, 5) empty glum primordia,
6) lemma primordia, 7) floret and anther primordia and 8)
terminal spikelet.Morphologically there are three major
events during spike development: 1) the change from6
vegetative to productive growth, 2) lateral spikelet
development, and 3) the initiation and development of the
terminal spikelet.
In the processes of spike formation and development,
Rahmen and Wilson (1977) noted that the rate and duration of
spike initiation had an inverse relationship in determining
spikelet and floret number and final spike size.A study by
Ledent and Pochet (1979) indicated that the tendency of
genotypes with faster spike growth rates had smaller spikes
with fewer spikelets.This compression of the successive
growth phases prevented an optimal growth.An increase in
the number of spikelet per spike is always associated with
longer spike developmental duration (Rahman, 1977).
Plant hormones may also play a key role in spike
development.Cytokinin has been reported to increase both
kernel number and weight (Ruckenbauer and Kirby, 1973).
However anti-Gibberellic Acid (GA) substances increased
kernel number but decreased kernel weight (Lovett and Kirby,
1971).Gale and Law (1977) and Gale et al (1978) studied
the effect of semidwarf genes, Rh1 and Rh2, on GA
sensitivity in 'Norin 10' wheat. He reported that these
genes were GA insensitive and may contribute to an increase
of kernel number and a decrease of kernel weight. The role
of hormones in determining spike length, spikelet number and
fertile florets is still not fully understood.
Genetic difference in spike initiation and subsequent7
development do exist.Also environment factors have a major
influence on spike initiation stages.Rawson (1970)
observed that the duration of the vernalization treatment
affected the time of floral initiation in winter wheat.At
the time of the spike initiation, the number of leaf
primordia (potential spikelet site) accumulated on the apex
differed greatly between treatments.This accounted largely
for the difference in final spikelet number.
The effects of temperature on the spike development
were studied by Friend (1965). He found that at 10 thethe
number of spikelets on the mature spike were increased. This
was due to a larger apex with a higher number ofridges at
the double ridge formation stage and a longer duration of
spikelet formation.At this temperature, the spikelet
number continued to increase until near spike emergence.
While at 30 °C, spikelet differentiation stopped close to
anther development.Even though at the higher temperatures,
the rate of spikelet formation was increased, the total
spikelet number was less than at the lower temperature (10
0C).
Friend (1965) studied how light intensity affected
spike development.He observed that at the time of double
ridge formation the spike length and spikelet number were
greater under higher light intensity (5000 ft-c).However,
the longest apex with the greatest number of ridges was
observed at lower light intensity (200 ft-c).Following8
double ridge formation, the extension rate of apex and
spikelet initiation rate were both low at lower light
densities.This resulted in a shorter spike and a reduced
spikelet number at anthesis.Either high light intensity or
low temperature resulted in a higher total plant dry weight
at the time of anthesis with larger stems and spikes with
more spikelets.This is attributed to the dependence of the
developing spike on a supply of assimilates, which come from
other parts of the plant until photosynthesis in the spike
becomes active following its emergence (Friend, 1965).
Using six photoperiod and eight cultivars, Rahman and
Wilson (1977) studied the effect of day length on spike
initiation.They found that when the photoperiod was
decreased from 24 to 8 hours, the length of vegetative
stage, spike and spikelet elongation phase, number of
spikelets and leaves, and length of the shoot apices all
increased by the floret initiation stage.However the rate
of spikelet initiation decreased.Responses to varying
photoperiod were similar in the different cultivars, but the
degree of the responses varied.
Environmental factors such as a lower temperature,
stronger light intensity, and shorter photoperiod all
appeared to be advantageous for a longer duration of spike
initiation associated with a long shoot apex with more
spikelets (Peterman et al., 1985).9
Effect of Planting Density on Spike Size and Grain Yield
In plant breeding the main goal is to developcultivars
which provide more grain yield per unit of area. In wheat
initial selection begin in the F2 generation.Plants are
often space planted with selection generally practiced on an
individual plant basis in early segregating generations.In
advanced generations and replicated yield trials, selections
are grown under solid seeded condition.Therefore a
question which remains is how plant density affects spike
size, the components of grain yield and grain yield per se
as they may relate to the effectiveness of earlygeneration
selection in identifying the most promising genotypes for
commercial production.
Effect of plant density on plant morphological traits
and grain yield have been studied for many years.Most of
these studies concentrated on grain yield and the primary
components of grain yield.One of the early studies was
conducted by Guitard et al (1961).They found a significant
increase in wheat grain yield with increased planting
densities when the densities ranged from 30 to 180 kg/ha.
The number of plants per acre was a direct, positive, and
linear function of planting density, however a strong,
curvilinear decrease in the number of fertile spikes per
plant was observed.Also increases in planting density
caused a moderate, curvilinear decrease in kernels per spike10
and a small, linear decrease in the 1000 kernel weight.
In a study on the influence of low planting densities
on wheat grain yields, Pelton (1969) observed that lower
planting densities produced significantly more kernels per
spike, longer spikes and heavier kernels than higher
densities when the planting density ranged from 22 to 101
kg/ha.Plant population differences resulting from
variation in planting density were largely eliminated by
plant survival and tillering.This also indicated the
number of kernels per unit area did not differ
significantly.
The effects of plant density on wheat grain yield and
its components were observed by Nerson (1980).Over four
years,with planting density ranging from 22 to 666 plants
per meter, he found a negative correlation between grain
yield per square meter and grain yield per plant (r = -0.30)
as planting densities increased.Also a negative
correlation existed between grain yield per square meter and
the number of tillers per plant (r = -0.35), number of
spikes per plant (r = -0.49) and biological yield per plant
(r = -0.50).These results indicated that densities which
favored maximum grain yield on a single plant basis were not
those which gave the highest grain yield per unit area.A
positive correlation existed between grain yield per square
meter and spikes per square meter (r = 0.73).Grain yield
per square meter was also positively correlated with the11
number of kernels per spike, but at a lower level of
significance (r =0.30).No association was observed between
the 1000 kernel weight and grain yield per square meter.
In studying the relation of spike size and grain yield
on individual plants as affected bydifferent planting
densities, Darwinkel (1979) observed that at higher planting
densities fewer spikelets were initiated as the available
space per culm decreased.Also the number of fertile
spikelets decreased even more with higher densities.The
number of kernels per fertile spikelet decreased linearly as
available space per culm decreased.Limited space per culm
affected grain yield per spike of all spike-bearing shoots
to same degree.A similar effect was noted for the number
of kernels per spike.It was suggested that grain yield and
spike size changed under different densities due to the
competitions for light, water, and nutrients.Competition
started earlier in denser populations which caused a greater
effect on the shoot and spike growth.At low planting
densities the first indication of competition was a decrease
in the number of grains per fertile spikelet.When spike
densities increased from 350 to 700 spikes per square meter,
there was a decrease in a number of initiated spikelets, the
number of fertile spikelets and the number of kernels per
spikelet of 13%, 21% and 30%, respectively.
Using spring wheat, Briggs and Aytenfisu (1980) studied
the effects of planting density and planting date on several12
morphological traits and grain yield.They found that
planting density significantly affected all variables
measured.However only grain yield per plot and plant stand
were linear associated with planting density.The
association between morphological traits and grain yield
components were analyzed using simple correlations.The
most frequent positive associations with increased spike
length in order of magnitude were 1000 kernel weight,
kernels per spike, grain yield per plant, grain yield per
spike and grain yield per plot.Selection for longer spikes
combined with other traits as a way to increase grain yield
potential under intermediate planting densities (60-120
kg/ha) was suggested by this study.
Recent studies have focused on the effect of planting
density on grain yield, biological yield and harvest index.
Baker (1982) evaluated eight spring wheat cultivars at
planting densities of 110, 270 and 430 seeds per square
meter.His results indicated that the highest planting
density gave the highest grain and biological yield.
Harvest index tended to be greater at the intermediate
planting density.
In winter wheat, Sharma and Smith (1987) investigated
ten cultivars using two planting densities (16.8 kg/ha and
67.2 kg/ha), They found significant genotype x planting
density interactions for grain yield and biological yield,
but not for harvest index.The correlation coefficients13
between the planting densities were higher for harvest index
and biological yield.
The Relation of Spike Size and Grain Yield
The constitution of the spike includes spike length,
number of spikelets per spike, and number of kernels per
spikelet.These traits are interrelated and are associated
with grain yield components in determining grain yield.
A number of studies have focused on the relationship of
different morphological traits.To determine morphological
traits for selecting grain yield in spring wheat, Nass
(1973) studied the associations between 19 traits with grain
yield per plot at planting density of 135 kg/ha.He
observed that grain yield per spike and tillers per plant
reduced the variance associated with grain yield the most in
stepwise regression analysis.However, these two traits
were negatively correlated.Also he found that harvest
index, kernels per spike, and grain yield per spike were
associated with grain yield per plot.Kernels per spike and
kernel weight were related with grain yield per spike.
Using simple correlations, stepwise regression and
factor analysis, Ledent and Moss (1979) identified the
association of number of morphological traits with grain
yield per spike within selected genotypes of spring wheat at
planting density 350 kernels per square meter.Their14
results suggested that within a genotype the number of
kernels, and more precisely the mean number of kernels per
spikelet played the major role in the determination of grain
yield per spike.Although kernel size varied markedly
between environments, grain yield per spike within an
environment was primarily determined by number, and not the
size of kernel.The close association of kernel number and
grain yield per spike further suggested that the
environment, which influenced the number of kernels formed
on a spike, was important in terms of limiting grain yield.
In studying the relation of grain yield per spike with
the components of grain yield, number of kernel per
spikelet, number of spikelets per spike and kernel weight at
a density of 350 kernels per square meter, Ledent (1982)
found that the components were always correlated with grain
yield.However none of the components consistently ranked
higher over years.Also he observed that there was a
consistent negative relationship between grain yield per
spike and the number of spike per meter.Morphological
traits measured from single plant showed little or no
association with grain yield per meter.
Based on the analysis of phenotypic and genetic
correlations under space planting condition, Sidwell et al
(1976) found that tiller number had the highest positive
phenotypic correlation with grain yield per plant (r=0.68),
but the genetic correlation was much lower (r=0.34).15
Phenotypic correlation for kernel weight with grain yield
was also higher than the genetic correlation, although both
were low (r=0.28 and r=0.09 respectively). Number of
kernels per spike and the number of kernels per spikelet had
the same level of significance but had low correlation
coefficients with grain yield per plant.No significant
correlation between the number of spikelets per spike and
grain yield per plant was observed.Kernel weight was also
negatively associated with kernels per spikelet, spikelets
per spike and kernels per spike.Phenotypic and genetic
correlation also indicated that the number of kernels per
spikelet and the number of spikelets per spike were probably
equal in their importance in determining kernels per spike.
Using stepwise regression and factor analysis Walton
(1972) studied the relationship of several morphological
traits with grain yield in spring wheat at a planting
density of 90 kg/ha.He found that initially the trait
which made the largest single contribution to grain yield
was spike volume per plant, which was measured by the volume
change when spikes were immersed into a alcohol container.
Spike volume expressed the combination effects of spikes per
plant and spikelets per spike.The number of kernels per
plant, the number spikes per plant, and the 1000 kernel
weight all made important contributions to grain yield.
In determining the efficiency of single and multiple
trait selection for grain yield improvement in a segregating16
population Mandy (1988) studied the correlation between
.
grain yield per plant and several agronomic traits in the F3
generation.He found that under space planted condition
genetic correlations were high between grain yield with
spike weight, kernels per spike and spikes per plant,
intermediate with 1000 kernel weight and low with heading
date, plant height and spike length.The phenotypic
correlation revealed similar association for those traits,
but the values for kernels per spike and spike weight with
grain yield per plant were lower than genotypic correlation
coefficients.17
MATERIALS AND METHODS
Experimental materials consisted of three lines and two
cultivars of winter wheat.D112 has highly fertile spikes;
M338 is characterized by long spikes with high number of
spikelets; and Y38 has extreme long spikes with branch
spikelets.Stephens and Hill 81, are commercial cultivars
well adapted to the Pacific Northwest wheat producing areas.
The study was conducted at Hyslop Crop Science Field
Laboratory over two growing season (1986-87, 1987-88).The
experiment site is located 11 km northeast of Corvallis,
Oregon.The soil type is a fine, silty mixed Mesic Aquultic
Argixerol.
In both growing seasons, 40 kg/ha of nitrogen and 6
kg/ha sulfur were applied prior to planting .During
jointing stage, 100 kg/ha of nitrogen as urea was top
dressed.Weeds were controlled with a combination of Diuron
and Chlorsulfuron at rates of 725.8 and 11.9 g of a.i./ha,
respectively.To control leaf rust (Puccinia recondita) and
Septoria leaf blotch (Septoria tritici) propiconazole was
sprayed three times at a three week interval, at a rate of
0.35 1/ha.
1986-87 Experiment
Experimental materials were planted on October 15,18
1986.A randomized complete block design with three
replications was used in a split plot arrangement.Four
planting densities, 11, 67, 134, and 269 kg/ha, represented
main plots with five lines as the subplots.Each subplot
contained three rows which were five meters long with 30
centimeters between rows.Due to limited seed, a semidwarf
wheat cultivar "Gaines" was used to achieve the desired
population densities with the experimental seed spaced
planted in the center row of the subplot.
Each subplot was sampled by taking five individual
plants at random from the center row.Traits were measured
on an individual plant basis.These included: 1) spike
length excluding awns, 2) spikelets per spike, 3) fertile
spikelets per spike (number of seed-bearing spikelets per
spike), 4) kernels per spikelet (kernels per spike divided
by fertile spikelets per spike), 5) kernel weight (weight of
200 kernels in grams), 6) kernels per spike, 7) tillers per
plant, 8) biological yield per plant in grams, 9) harvest
index (a ratio of grain yield per plant divided by
biological yield time 100), 10) grain yield per spike, and
11) grain yield per plant.
1987-88 Experiment
The experiment was planted on October 24, 1987.The
same design was used as in the 1986-87 investigationwith19
four replications.Each subplot was planted using cultivar
seeds without "Gaines" according to the planting density
assigned.In addition to measuring the same traits on a
individual plant basis, a one meter sample was harvested
from the center row of each subplot.Three measurements
were made from this sample: 12) number of tillers (fertile
spikes), 13) biological yield, and 14) grain yield.
Statistical Procedures
Statistical methods employed to analyze the data were
the same for both growing seasons.An analysis of variance
was computed to test differences between planting densities
,cultivars and interactions of planting densities x
cultivars for all measured traits.Fisher's protected least
significant difference (LSD) test was used to compare mean
values of each trait under different densities and between
the cultivars.
Phenotypic correlations were used to determine possible
associations between grain yield per spike, grain yield per
plant and grain yield per plot with traits contributing to
spike size and other agronomic traits under the four
planting densities.20
RESULTS
1986-87 Investigation
Analysis of Variance
Mean squares for spike size and selected agronomic
traits are presented in Table 1.Differences were observed
for most traits between planting densities with the
exception of grain yield per spike.Cultivar differences
were also detected for all the traits.Interactions between
cultivars and planting densities were found to be
significant for fertile spikelets, kernels per spike,
biological yield and grain yield per plant.Coefficients of
variation values were low (<10%) for spike size traits,
kernels per spike and kernel weight and intermediate (12.17%
and 15.21%, respectively) for grain yield per spike and
harvest index when compared to tillers, biological yield and
grain yield per plant where values were greater (>20%).
In Table 2 the effect of planting density can be
observedon spike size traits and other measured traits.
As planting densities increased from 11 to 134 kg/ha, the
mean valuesdecreased for spike length, fertile spikelets,
kernels per spike, tillers per plant, biological yield and
grain yield per plant. No difference was detected between
134 and 269 kg/ha for these traits.For spikelets per
spike, the mean values were different between 67 kg/ha and
134 kg/ha.Differences were found in kernel weight and
harvest index between density 11 and 67 kg/ha.No clearTable 1.Mean squares and coefficients of variation for 11 traits involving four planting
densities and five cultivars grown at Hyslop Crop Science Field Laboratory,
1986-87.
Source ofdf Spike
variation length
(cm)
Spikelets Fertile Kernels Kernels
/spike spikelets/spikelet /spike
Kernels
weight
(g)
Replication 2 1.10 0.24 1.49 0.50 192.58 2.99
Density 3 19.74** 6.72** 27.88** 0.92** 1471.54** 33.09**
Error A 6 0.46 1.99 1.85 0.26 34.36 1.22
Cultivar 4 91.91** 95.21** 49.46** 3.06** 448.78** 5.01**
D x C 12 0.70 2.37 3.74* 0.18 124.93** 0.73
Error B 32 0.61 1.37 1.53 0.14 34.61 0.84
CV( % ) 6.06 3.05 4.83 8.21 9.90 9.68
*, ** significant at the 0.05and0.01 probability level,respectively.Table 1.(Continued) Mean squares and coefficients of variation for 11 traits from four
planting densities and five cultivars grown at Hyslop Crop Science Field
Laboratory, 1986-87.
Source of df Tillers Grain yield Biological Harvest Grain yield
variation /plant /spike yield index /plant
(g) (g) (%) (g)
Replication 2 0.78 0.66 107.56 0.69 36.93
Density 3 159.91** 0.15 10796.23** 3.57** 1509.16**
Error A 6 0.52 0.24 24.75 0.51 7.55
Cultivar 4 6.06** 0.90** 444.63** 1.28* 141.07**
D x C 12 2.15 0.28 204.80* 0.32 63.58**
Error B 32 1.29 0.20 88.19 0.49 14.41
CV (%) 26.91 12.17 30.53 15.21 28.87
*, ** significant at the 0.05 and0.01 probability level, respectively.Table 2.Mean values for 11 traits from four planting densities and five cultivars grown
at Hyslop Crop Science Field Laboratory, 1986-87.
Planting
density &
Cultivar
Spike
length
(cm)
Spikelets
/spike
Fertile
spikelets
Kernels
/spikelet
Kernels
/spike
Kernels
weight
(g)
11 (kg/ha) 14.49A' 26.04D 24.18F 3.06I 79.94K 8.00N
67 (kg/ha) 12.95B 25.63D 22.84G 2.79IJ 64.53L 10.380
134 (kg/ha) 12.23C 24.78E 21.59H 2.63J 58.29M 10.720
269 (kg/ha) 11.92C 24.64E 21.14H 2.49J 57.94M 10.830
D112 12.76b 22.33f 20.48i 3.15j 67.04n 10.53pq
HILL81 10.95c 26.01e 23.34h 3.08j 72.52m 9.18r
M338 12.90b 26.49e 24.70 g 2.45k 62.33n 9.82qr
STEPHENS 10.43c 22.57f 20.09i 3.05j 62.54n 9.58r
Y38 17.45a 29.43d 24.09gh 2.201 54.08o 10.80p
'Mean separation for a trait was based on different error terms between the densities and
between the cultivars.
Only pair of means with same letters within a column were not significantly different at
the 0.05 probability level.Table 2.(Continued) Mean values for 11 traits for four planting densities and five
cultivars grown at Hyslop Crop Science Field Laboratory, 1986-87.
Planting
density &
Cultivar
Tillers
/plant
Grain yield
/spike
(g)
Bio.yield
/plant
(g)
Harvest
index
(%)
Grain yield
/plant
(g)
11 (kg/ha) 8.96 A' 3.02 70.04 D 38.79 G 27.60 I
67 (kg/ha) 3.76 B 3.27 25.65 E 49.24 H 12.19 J
134 (kg/ha) 2.31 C 3.08 15.60 F 47.19 H 7.12 K
269 (kg/ha) 1.85 C 2.88 11.77 F 48.74 H 5.68 K
D112 4.94 a 3.41 c 39.20 f 48.99 i 17.89 1
HILL81 4.48 a 3.23 cd 31.81 fg 47.76 ij 14.11 lm
M38 4.26 a 2.96 de 32.63 fg 43.11 jk 13.14 m
STEPHENS 4.40 a 2.93 de 27.11 gh 48.24 ij 12.23 mn
Y38 3.03 b 2.78 e 23.08 h 41.85 k 8.38 n
'Mean separation for a trait was based on different error terms between the densities and
between the cultivars.
Only pair of means with same letters within a column were not significantly different at
the 0.05 probability level.25
separation was found for different densities for the mean
values of kernels per spikelet.
Mean values of the five cultivars for each trait were
also analyzed with Fisher's protected LSD test over the four
planting densities (Table 2).Y38 was characterized by a
long spike, a large number of spikelets per spike, and with
the heaviest kernels. It also had the fewest tillers per
plant. When compared to the other entries, M338 had the
highest fertile spikelets.D112 was found to be higher in
kernels per spikelet, grain yield per spike, harvest index,
biological yield and grain yield per plant.Hi1181 was
observed to have the largest number of kernels per spike.
Stephens was not ranked first in any of the measured traits
in this year.No differences were detected for harvest
index among the cultivars.26
Correlation Analysis
Phenotypic correlations among traits contributing to
spike size are presented in Table 3.Spike length was
positively associated with spikelets per spike across all
planting densities.For fertile spikelets, significant
correlations with spike length were only detected at
planting densities of 67 kg/ha and 134 kg/ha.Spike length
was negatively associated with kernels per spikelet, except
at the lowest density (11 kg/ha).The highest correlation
coefficients among spike size traits was observed between
spikelets per spike and fertile spikelets across all
densities.Also a negative association was noted for
kernels per spikelet with spikelets per spikes.A negative
association was also found at 67 kg/ha when kernels per
spikelet and fertile spikelets are considered.
Phenotypic correlations were also computed between the
components of grain yield and spike size traits with four
planting densities (Table 4).The association between
kernels per spike and kernels per spikelet was found to be
positive across all planting densities.Spike length was
negatively associated with kernels per spike, especially at
the 269 kg/ha density.For kernel weight, correlations with
the spike size traits range from low to intermediate with
only significant association (negative) found with kernels
per spikelet at 269 kg/ha.Negative associations were
Table 3.Phenotypic correlation coefficients among spike-
size traits under four planting densities grown27
Table 3.Phenotypic correlation coefficients among spike-
size traits under four planting densities grown
at Hyslop Crop Science Field Laboratory, 1986-87.
11' 67 134 269
Spike length vs
Spikelets/spike 0.60*
Fertile spikelets 0.31
Kernels/spikelet-0.29
0.78**
0.67**
-0.70**
0.77**
0.56*
-0.65**
0.74**
0.19
-0.84**
Spikelet/spike vs
Fertile spikelets 0.83**
Kernels/spikelet-0.57*
0.95**
-0.66**
0.83**
-0.79**
0.75**
-0.61*
Fertile spikelets vs
Kernels/spikelet-0.39 -0.57* -0.52 -0.18
'seeding rate in kg/ha.
*, ** coefficients are significant at the0.05 and 0.01
probability level respectively.
n=15.28
Table 4.Phenotypic correlation coefficients between spike-
size traits with grain yield components under four
planting densities grown at Hyslop Crop Science
Field Laboratory,1986-87.
11' 69 134 269
Kernels/spike vs
Spike length -0.32 -0.40 -0.44 -0.75**
Spikelets/spike -0.15 -0.16 -0.40 -0.27
Fertile spikelets 0.16 -0.03 0.00 0.26
Kernels/spikelet 0.77** 0.82** 0.82** 0.87**
Kernel weight vs
Spike length 0.43 0.50 0.38 0.48
Spikelets/spike -0.27 0.26 0.13 0.16
Fertile spikelets-0.39 0.21 -0.14 -0.23
Kernels/spikelet-0.05 -0.32 -0.35 -0.59*
Tillers/plant vs
Spike length -0.49 -0.48 -0.66** -0.04
Spikelets/spike -0.48 -0.54* -0.65** 0.05
Fertile spikelets-0.15 0.39 -0.34 0.04
Kernels/spikelet 0.53* 0.55* 0.46 0.20
'seeding rate in kg/ha.
*, ** coefficients are significant at the0.05 and0.01
probability level respectively.
n=15.29
observed between tillers/plant with spike length at 134
kg/ha and with spikelets per spike at 67 kg/ha and 134 kg/ha
respectively.Tillers per plant were positively associated
with kernels per spikelet at lower densities, 11 kg/ha and
67 kg/ha.
Correlation coefficients for grain yield per spike with
the spike size traits and kernel weight involving four
planting densities are presented in Table 5.The highest
association with grain yield per spike across all planting
densities was found with kernels per spike.Similar values
were found between grain yield per spike with kernels per
spikelet.One negative correlation was noted for grain
yield per spike with spike length at density 269 kg/ha.
When grain yield per plant is considered, associations
were found with biological yield and tillers per plant
across all planting densities (Table 6).For kernels per
spike and kernels per spikelet, positive associations were
observed except at the 269 kg/ha density.The association
between grain yield per plant with harvest index and grain
yield per spike were positive associated at the 11 and 269
kg/ha planting densities.A negative association at the 134
kg/ha planting density was noted for spike length and
spikelets per spike with grain yield per plant.30
Table 5.Phenotypic correlation coefficients between grain
yield per spike with spike size traits and kernel
weight under four planting densities grown at
Hyslop Crop Science Field Laboratory, 1986-87.
11' 67 134 269
Grain yield per spike vs
Spike length -0.11 -0.05 -0.09 -0.56*
Spikelets/spike -0.34 0.04 -0.32 -0.30
Fertile spikelets-0.06 0.13 -0.12 0.02
Kernels/spikelet 0.82** 0.51* 0.55* 0.61*
Kernels/spike 0.84** 0.77** 0.59* 0.64**
Kernel weight 0.12 0.48 0.35 0.13
'seeding rate in kg/ha.
*, ** coefficients are significant at the 0.05 and 0.01
probability level respectively.
n=15.31
Table 6.Phenotypic correlation coefficients between grain
yield per plant with other agronomy traits under
four planting densities grown at Hyslop Crop
Science Field Laboratory, 1986-87.
11' 67 134 269
Grain yield per plant vs
Spike length -0.31 -0.41 -0.61* -0.31
Spikelets/spike -0.47 -0.36 -0.75** -0.13
Fertile spikelet -0.12 -0.15 -0.37 -0.01
Kernels/spikelet 0.75** 0.63** 0.70** 0.35
Kernels/spike 0.70** 0.65** 0.56* 0.34
Kernel weight -0.01 -0.14 -0.18 0.35
Tillers/plant 0.90** 0.81** 0.85** 0.73**
G.yield/spike^ 0.75** 0.43 0.41 0.80**
Bio.yield/plant 0.96** 0.94** 0.79** 0.70**
Harvest index 0.63** 0.40 0.39 0.72**
A grain yield/spike
'seeding rate in kg/ha.
*, ** coefficients are significant at the0.05 and0.01
probability level respectively.
n=15.32
1987-88 Investigation
Analysis of Variance
An analysis of variance for 14 traits are presented in
Table 7.Differences between planting densities were
significant for all traits except harvest index, biological
yield and grain yield per meter.Cultivar differences were
also found with the exception of biological yield per plant.
Significant interactions of planting density x cultivar were
noted for most traits except for harvest index, biological
yield and tillers per meter.Coefficients of variation were
low (<10%) for spike length, spikelets per spike, fertile
spikelets, and kernel weight; high (>20%) for tillers per
plant, biological yield per plant, and grain yield per
plant; and intermediate (11-17%) for kernels per spikelet,
kernels per spike, grain yield per spike, harvest index,
tillers per meter, and biological yield and grain yield per
meter.
Mean values between planting densities for all measured
traits are shown in Table 8.Mean values decreased as
planting densities increased for spike size traits, kernels
per spike, tillers per plant, and biological yield and grain
yield per plant.Tillers per meter where enhanced as
planting densities increased from 11 kg/ha to 134 kg/ha.No
differences were detected for these traits between density
134 kg/ha and 269 kg/ha, except number of spikelets and
fertile spikelets per spike. Mean values for kernels perTable 7.Mean squares and coefficients of variation for 14 traits from four planting
densities and five cultivars grown at Hyslop Crop Science Field Laboratory,
1987-88.
Source of df SpikeSpikeletsFertileKernels Kernels Kernel Tillers
variation length /spikespikelets /spikelet /spike weight /plant
(cm) (g)
Replication 3 0.24 0.27 0.61 0.13 50.13 0.27 0.35
Density 3 21.70**47.23** 41.57** 0.55* 830.91** 13.10**831.73**
Error A 9 1.10 1.95 1.21 0.061 30.42 0.51 1.77
Cultivar 4 155.52**159.14**108.09** 2.28**2227.42** 57.68**21.75**
D x C 12 1.37* 2.07** 8.57** 0.52** 122.48** 1.93** 12.73**
Error B 48 0.59 0.57 0.84 0.08 44.15 0.63 1.51
CV (%) 5.84 3.32 4.78 11.13 13.29 7.22 21.26
*, ** significant at the 0.05 and 0.01 probability level, respectively.Table 7.(Continued) Mean squares and coefficients of variation for 14 traits from four
planting densities and five cultivars grown at Hyslop Crop Science Field
Laboratory, 1987-88.
Source of dfG.yieldABio.yieldHarvestG.yieldTillersBio.yieldG.yield
Variation /spike /plant index /plant /meter /meter /meter
(g) (g) (%) (g) (g) (g)
Replication3 0.07 21.74 0.77 16.94 48.28 13064.95 2395.75
Density 3 0.93**45094.72** 0.25 6962.67**8576.15**9967.81 5245.88
Error A 9 0.10 34.84 0.35 9.36 200.56 10565.71 1413.25
Cultivar 4 2.19** 255.07 7.62**96.66**8244.55**86369.13** 59810.08**
D x C 12 0.37** 244.79* 0.58 76.26** 566.53 19282.46 3952.40**
Error B 48 0.12 104.84 0.45 13.47 377.77 11831.13 1514.07
CV (%) 13.27 25.75 16.93 23.47 16.58 16.03 16.82
A grain yield.
*, ** significantly different at the 0.05 and 0.01 probability level, respectively.Table 8.Mean values for 14 traits from four different planting densities and five
cultivars grown at Hyslop Crop Science Field Laboratory, 1987-88.
Planting
density &
Cultivar
Spike
length
(cm)
Spikelets
/spike
Fertile
spikelets
Kernels
/spikelet
Kernels
/spike
Kernel
weight
(g)
Tillers
/plant
11 (kg/ha) 14.42A' 24.41D 20.90G 2.78K 57.62M 10.19Q15.35 R
67 (kg/ha) 13.46B 23.57D 19.59H 2.65K 52.87N 10.36Q 3.82 S
134 (kg/ha)12.57C 22.06E 18.47I 2.43L 45.950 11.39P 2.30 T
269 (kg/ha)12.05C 20.97F 17.56J 2.45L 43.530 11.87P 1.63 T
D112 12.58b 19.68g 16.26k 1.97n 33.09r 12.74s 6.16 w
HILL81 10.84c 24.82e 20.97i 3.011 62.850 8.52v 6.50 w
M338 12.76b 23.20f 21.72h 2.67m 58.32o 9.30u 6.00 w
STEPHENS 10.97c 19.45g 16.42k 2.69m 44.15q 12.15t 6.49 w
Y38 18.47a 26.62d 20.28j 2.55 m 51.55p 12.03t 3.73 x
Mean separation for a trait was based on different error term between the densities and
between the cultivars.
' within a column means followed by the same letters were not significant different at the
95% confident level.
CA)
C71Table 8.(Continued) Mean values for 14 traits from four plant densities and five
cultivars grown at Hyslop Crop Science Field Laboratory, 1987-88.
Planting
density &
Cultivar
G.yieldA
/spike
(g)
Bio.yield
/plant
(g)
Harvest
index
(%)
G.yield Tillers
/plant /meter
(g)
Bio.yieldG.yield
/meter /meter
(g) (g)
11 (kg/ha)
67 (kg/ha)
134 (kg/ha)
269 (kg/ha)
2.91 A'110.35 C
2.65 B
2.45 B
2.45 B
24.85 D
14.02 E
9.82 E
41.13 43.37 F 88.80 K650.35 239.25
39.86 9.86 G115.75 J697.95 247.85
38.40 5.44 H128.35 I 694.90 228.00
39.45 3.89 H 136.00 I671.05 210.35
D112
HILL81
M338
STEPHENS
Y38
2.06 c
2.69 b
2.69 b
2.66 b
3.02 a
43.13 30.32 e 15.82 g 115.50 i618.63 m166.63 r
39.54 46.88 d 16.82 g125.13 i739.25 1269.50 p
43.19 40.08 f 16.49 g118.25 i709.69 1241.00 q
39.56 45.59 d 17.66 g145.00 j 742.75 1307.19 0
33.89 36.68 f 11.41 h 82.25 k582.50 n172.50 r
Note: mean separation for a trait
and between the cultivars.
A grain yield.
'with a column means followed by
confident level.
was based on different error term between the
same letters were not significantly different
densities
at the 95%
co
rn37
spikelet and kernel weight were different between density 11
and 67 kg/ha and 134 and 269 kg/ha.More kernels per
spikelet were noted at lower densities while at higher
densities fewer heavier kernels was observed.For grain
yield per spike the difference was detected between 11 kg/ha
and 67 kg/ha.
When the cultivars are compared, Y38 had the highest
mean values for spike length, spikelets per spike, and grain
yield per spike.M338 was found to have the highest number
of fertile spikelets, while Stephens ranked first for grain
yield per plant, and tillers per meter, biological yield,
and grain yield per meter.The highest number of kernels
per spikelet and kernels per spike were noted for Hill81,
which was similar to Stephens for harvest index.D112 had
the heaviest kernel among the cultivars, but serious lodging
at 269 kg/ha resulted in a reduction in grain yield for this
cultivar.Differences were not found for tillers per plant
among the cultivars except for Y38 which was significant
lower.38
Correlation Analysis
Phenotypic correlation among spike size traits are
presented in Table 9.Associations for spike length with
spikelets per spike were positive and significant at the
planting densities of 67 kg/ha and above.Also positive
associations were observed between spike length and fertile
spikelets at the 134 and 269 kg/ha densities and between
spike length and kernels per spikelet at the 11 kg/ha
density.High correlation coefficients between spikelets
per spike and fertile spikelets were observed with all
densities, except at 11 kg/ha, where a significant and
positive association was found between fertile spikelet and
kernels per spikelets at 67 kg/ha density.Large
differences for the same correlation coefficients between 11
kg/ha and higher planting densities were found.These
included the relationships between spike length with
spikelets per spike, fertile spikelets per spike and kernels
per spikelet, spikelets per spike and fertile spikelets, and
fertile spikelet per spike and kernels per spikelet.
In Table 10, correlations between three components of
grain yield and spike size traits under the four densities
are presented.The highest correlation coefficients were
observed by kernels per spike with kernels per spikelet,
followed by fertile spikelets and spikelets per spike.No
significant correlation was found between kernels per spike
and spike length.Consistently large and negative39
Table 9.Phenotypic correlation coefficients among spike
size traits under four planting densities grown at
Hyslop Crop Science Field Laboratory, 1987-88.
11' 67 134 269
Spike length vs
Spikelets/spike 0.36
Fertile spikelets-0.38
Kernels/spikelet 0.58**
0.72**
0.32
-0.34
0.65**
0.53*
-0.37
0.67**
0.49*
-0.30
Spikelet/spike vs
Fertile spikelets 0.38
Kernels/spikelet 0.43
0.79**
0.15
0.93**
0.31
0.88**
0.13
Fertile spikelets vs
Kernels/spikelet-0.32 0.51* 0.44 0.34
'seeding rate in kg/ha.
*, ** coefficients are significant at the0.05 and0.01
probability level respectively.
n=20.40
Table 10. Phenotypic correlation coefficients between grain
yield components and spike size traits under four
planting densities grown at Hyslop Crop Science
Field Laboratory,1987-88.
11' 67 134 269
Kernels/spike vs
Spike length 0.25 -0.07 -0.02 0.03
Spikelets/spike 0.66** 0.49* 0.67** 0.56**
Fertile spikelets 0.44* 0.83** 0.78** 0.77**
Kernels/spikelet 0.71** 0.90** 0.89** 0.86**
Kernel weight vs
Spike length 0.34 0.23 0.38 0.23
Spikelets/spike -0.66** -0.36 -0.33 -0.41
Fertile spikelets-0.82** -0.73** -0.51* -0.60**
Kernels/spikelet 0.13 -0.56** -0.81**-0.75**
Tillers/plant vs
Spike length -0.74** -0.29 -0.56**-0.36
Spikelets/spike -0.38 -0.43 -0.11 0.50*
Fertile spikelets 0.40 -0.25 -0.01 -0.15
Kernels/spikelet -0.74** -0.13 0.52* 0.35
1seeding rate in kg/ha.
*, ** coefficients are significant at the 0.05 and 0.01
probability level respectively.
n=20.41
associations were found between kernel weight and fertile
spikelets, while negative correlations were also observed
for kernel weight with spikelets per spike at the lowest
density (11 kg/ha) and with kernels per spikelet at density
of 67 kg/ha and above.Inconsistent associations were
detected between tillers per plant and spike size traits.
It was observed that negative correlations existed between
tillers per plant with spike length at densities 11 kg/ha
and 134 kg/ha (r=-0.74 and r=-0.56 respectively), with a
positive relationship with spikelets per spike at density
269 kg/ha (r=0.50), and negative association (-0.74) with
kernels per spikelet at low density (11 kg/ha) and positive
correlation (r=0.52) at density 134 kg/ha.Comparing the
associations for the same traits studied between different
densities, large differences were found for kernels per
spike with fertile spikelets, kernel weight with spikelets
per spike and kernels per spikelet between 11 kg/ha and
higher planting densities (above 67 kg/ha).
Phenotypic correlation coefficients were computed for
grain yield per spike with spike size traits and kernel
weight under four planting densities (Table 11).Results
showed that kernels per spikelets and kernels per spike were
highly associated with grain yield per spike across all the
planting densities.Fertile spikelets and spikelets per
spike were only associated with grain yield per spike when
the densities were 67kg/ha and higher.Positive42
Table 11. Phenotypic correlation coefficients between grain
yield per spike with spike size traits and kernel
weight under four planting densities grown at
Hyslop Crop Science Field Laboratory, 1987-88.
11' 67 134 269
Grain yield/spike vs
Spike length 0.48* 0.06 0.48* 0.34
Spikelets/spike 0.03 0.44* 0.69* 0.51*
Fertile spikelets-0.23 0.66** 0.71** 0.67**
Kernels/spikelet 0.84** 0.88** 0.52* 0.71**
Kernels/spike 0.55** 0.90** 0.65** 0.81**
Kernel weight 0.40 -0.38 -0.16 -0.42
'seeding rate in kg/ha.
*, ** coefficients are significant at the 0.05 and 0.01
probability level respectively.
n=20.43
associations were also found with spike length at densities
11 and 134 kg/ha.No significant correlation was detected
between grain yield per spike and kernel weight.
Phenotypic correlations between grain yield per plant
and selected agronomic traits can be found in Table 12.
Grain yield per plant was positively associated with tillers
per plant and biological yield over all planting densities.
It can be noted that kernels per spikelet and harvest index
were positively associated with grain yield per plant when
planting densities were above 67 kg/ha.Associations
between kernels per spike and grain yield per plant were
found at densities of 134 and 269 kg/ha.However, kernel
weight was negatively associated with grain yield per plant
at these densities.Negative associations were also
observed for grain yield per plant with spike length and
spikelets per spike at the lowest planting density.
The correlation coefficients between grain yield per
meter with selected agronomic traits are listed in Table 13.
Biological yield per meter had the highest coefficients with
grain yield per meter, followed by tillers per meter over
the four densities.Kernels per spikelet and harvest index
were significantly correlated with grain yield per meter
when the densities were 67 kg/ha and above.At a density of
269 kg/ha, most traits were correlated with grain yield per
meter except spike length, spikelets per spike, fertile
spikelets, kernel weight and biological yield per plant.44
Table 12. Phenotypic correlation coefficients between grain
yield per plant and other agronomy traits under
four planting densities grown at Hyslop Crop
Science Field Laboratory, 1987-88.
11' 67 134 269
Grain yield/plant vs
Spike length -0.58** -0.29 -0.30 -0.01
Spikelets/spike -0.49* -0.09 0.26 0.40
Fertile spikelets 0.31 0.25 0.33 0.53*
Kernels/spikelet -0.46* 0.53* 0.80** 0.73**
Kernels/spike 0.02 0.43 0.71** 0.77**
Kernel weight 0.02 -0.26 -0.72**-0.65**
Tillers/plant 0.86** 0.65** 0.83** 0.87**
G.Yield/spikeA -0.21 0.47* 0.30 0.66**
Bio.yield/plant 0.82** 0.74** 0.88** 0.84**
Harvest index 0.27 0.64** 0.69** 0.69**
A Grain yield/spike.
'seeding rate in kg/ha.
*, ** coefficients are significant at the 0.05 and 0.01
probability level respectively.
n=20.45
Table 13. Phenotypic correlation coefficients between grain
yield per meter and other agronomy traits under
four planting densities grown at Hyslop Crop
Science Field Laboratory, 1987-88.
11' 67 134 269
Grain yield/meter vs
Spike length -0.26 -0.70** -0.75**-0.41
Spikelets/spike -0.12 -0.30 -0.33 -0.16
Fertile spikelets 0.02 -0.05 -0.21 0.09
Kernels/spikelet-0.38 0.56** 0.63** 0.77**
Kernels/spike -0.31 0.32 0.32 0.54*
Kernel weight 0.01 -0.24 -0.43 -0.39
Tillers/plant 0.35 0.04 0.37 0.44*
G.yield/spikeA -0.36 0.32 0.03 0.57**
Bio.yield/plant 0.18 -0.14 0.15 0.22
Harvest index -0.16 0.72** 0.64** 0.85**
Yield/plant 0.20 0.38 0.40 0.62**
Tillers/meter 0.79** 0.86** 0.62** 0.83**
Bio.yield/meter 0.81** 0.89** 0.70** 0.93**
A grain yield/spike.
'seeding rate in kg/ha.
*, ** coefficients are significant at the 0.05 and 0.01
probability level respectively.
n=20.46
DISCUSSION
The Effect of Planting Density on Spike Size and Grain Yield
In the present study, differences were observed across
planting densities for all traits except grain yield per
spike in 1986-87 and harvest index and biological yield, and
grain yield per meter in 1987-88.Cultivar differences were
also detected for all traits except biological yield per
plant in 1987.A major difference between the two years was
found in the density x cultivar interactions.In 1986-87
such interactions were only found for fertile spikelets,
kernels per spike, biological yield and grain yield per
plant.In contrast, in 1987-88 interactions were detected
for all traits with the exception of spikes per meter and
biological yield per meter.These extreme year to year
interactions could present problems in terms of effective
selection on spike size traits when comparing space planted
early generation selection made one year with more advance
breeding material solid seeded and selected in a subsequent
year.
When specific traits are investigated, spike length,
spikelets per spike, fertile spikelets, kernels per
spikelet, kernels per spike, tillers per plant, biological
yield per plant and grain yield per plant were favored at
the lower planting density in both years.Such traits would47
then be favored in selecting within early generation spaced
planted material.However kernel weight increased as
planting densities increased.This was also true for
harvest index in 1986-87, but not in 1987-88 when no
differences were observed for this trait.
Additional data were collected in 1987-88 when all
plants within a meter were harvested from the subplots.Of
the three traits measured only tillers per meter was found
to response in a positive manner as planting density
increased.No differences were observed for biological
yield per meter and grain yield per meter.In general, when
data were collected at the lower planting densities on an
individual plant basis, traits associated with spike size
were enhanced.This suggests that selecting under spaced
planted conditions on a plant basis could fail to identify
the genotype which would be superior under more densely
seeded conditions in commercial production.
Performance of Experimental Material
As previously noted a year to year interaction did
exist for the traits measured over different planting
densities.This was also true for cultivars.In 1986-87,
entry D112 had the highest number of kernels per spikelet,
tillers per plant, grain yield per spike, biological yield,
harvest index and grain yield per plant.For 1987-88 this48
entry ranked first only for kernel weight.Entry Y38 had
the longest spike and the largest number of spikelets per
spike in both growing seasons.For M338, spike length was
intermediate with the highest number of fertile spikelets
per spike and more kernels per spike;Hil181 and Stephens
both had shorter spikes among cultivars studied.Hi1181
however had higher number of spikelets per spike and the
highest number of kernels per spike.In contrast, Stephens
had the lowest number of spikelets per spike, but had
heavier kernels and the highest grain yield per meter among
the cultivars.This indicate that even though each cultivar
has its own characteristics influencing spike size traits
and the components of grain yield, as a goal to enhance
grain yield, selection for any of these traits must consider
other components which may directly or indirectly influences
grain yield in a negative or positive manner.
Association of Spike Size with Grain Yield
Grain yield is a quantitative inherited trait.The
gene expression of which is frequently influenced by
environmental factors.As a consequence, selecting for
grain yield on space planted individual plant basis has not
proven efficient.Instead, it has been suggested that
selection for other traits which are closely associated
grain yield, so called "indirect selection" may be a more49
successful approach.A number of studies have been
conducted to identify traits that are highly related to
grain yield, several were cited in the literature review.
In this experiment, the focus was on how spike morphological
traits are related to the components of grain yield and
grain yield per se.Also how these spike size traits are
interrelated with each other was studied.
Data from this experiment suggest that among the traits
influencing spike size, spikelets per spike were highly
associated with spike length and fertile spikelets.In the
first year, kernels per spikelets was negatively associated
with spike length and spikelets per spike, but not in second
year.
Results from both years revealed the relationship
between spike size traits and the components of grain yield.
Kernels per spikelet with kernels per spike were highly
associated across all planting densities.However,
interactions between the years were observed for other
traits.Spikelets per spike and fertile spikelets were
positively associated with kernels per spike in 1987-88.
Although negative associations for fertile spikelets and
kernels per spikelet with kernel weight were high in the
first year, they were intermediate in value in second year.
When spike size traits are considered with tillers per
plant, the association were ranged from low to intermediate,
and usually negative.50
For grain yield per spike the most important
association was found with kernels per spike.Kernels per
spikelets was also closely associated with grain yield per
spike.However kernel weight was not found to be associated
with this trait.The similar results werereported by
Ledent and Moss (1979).When number of spikelets and
fertile spikelets per spike were concerned, they were only
associated with grain yield in 1987-88, but not in 1986-87
year.
Biological yield and tillers per plant were the primary
traits influencing grain yield per plant.Kernels per
spikelet as well as kernel per spike and harvest index were
also important in determining grain yield per plant while
other spike size traits were not closely related with grain
yield per plant.However Sidwell et al (1976) found kernel
weight was the most important trait in association with
grain yield per plant. Possibly this could be due to
environmental factors limiting different components of grain
yield or the experimental population employed.
In looking at the relationship between grain yield per
meter and other agronomic traits it was observed that
biological yield and tillers per meter were highly
associated with grain yield.It was also noted that when
the planting density increased, harvest index and kernels
per spikelet also became important factor related to grain
yield per meter.Nerson (1980) found that grain yield per51
square meter was positively relatedwith tillers per square
meter and negatively correlated with tillers per plant.It
was also noted that the correlationbetween grain yield per
square meter with kernels per spike was lowwhile no
association between kernel weight and grain yield was
detected.
Influence of Planting Density on the Associations between
Selected Traits
Although many studies have reported that planting
density influences spike size and other agronomic traits,
the question still remained whether or not plantingdensity
will change the relationships between traits which influence
grain yield.This information is important to plant
breeders as these potential relationships can change
dramatically and in a unpredictable manner, thus
significantly reducing the selection efficiency in early
generation.
In this study, when the correlation coefficients were
compared for the same traits at different planting
densities, strong positive relationships were noted.These
included associations between kernels per spike and kernels
per spikelet, grain yield perspike with kernels per spike
and kernels per spikelet, grain yield per plant with
biological yield, tillers per plant, and grain yield per52
meter with biological yield and tillers per meter.These
associations remained stable regardless of changes in
planting densities.However, planting density did influence
some traits related to grain yield.These including the
relationships between spikelets per spike and fertile
spikelets with grain yield per spike, kernels per spikelet
with grain yield per plant and grain yield per meter, and
harvest index with yield per meter.Of particular interests
in 1987-88 were the negative associations observed at 11
kg/ha, while highly positive association between the same
traits were found in higher densities (67 kg/ha).
Information obtained from this study suggests that
biological yield and number of tillers both on a individual
plant and a plot basis are primary traits in determining
grain yield across all planting densities.For those traits
influencing spike size, only kernels per spikelet appear to
be important in enhancing kernels per spike and grain yield
on a plot basis.However, this relationship was not
observed in a space planted condition.This suggest that
selecting for these traits would be efficient under solid
planting condition.Other spike size traits and kernel
weight were not important in influencing grain yield under
the experimental conditions and with the experimental
populations evaluated in this study.53
SUMMARY AND CONCLUSIONS
Four planting densities (11, 67, 134 and 269 kg/ha)
were used in this study. Five cultivars were selected which
had contrasting traits influencing spike size. A split plot
randomized complete block design was used with the
experiment conducted at the Crop Science Field Laboratory
over a two year period.
Data were collected on an individual plant basis in
both years for spike length, spikelets per spike, fertile
spikelets, kernels per spikelet, kernels per spike, kernel
weight, grain yield per spike, spikes per plant, biological
yield, harvest index and grain yield. In addition, from a
one meter harvest area, number of tillers, biological yield
and grain yield were also measured in 1987-88.
Analysis of variance was used to detect the difference
between densities and cultivars and to determine possible
interactions.Fisher's protected LSD was further performed
to separate mean values for those variables found to be
significant.Possible associations between spike size
traits and the components of grain yield and subsequent
grain yield were analyzed using phenotypic correlations.
Based on results from this study, the following
conclusions were drawn:
1. At low planting densities larger spikes were formed with
more spikelets per spike and enhanced fertility of spikes54
resulting more kernels per spike.At higher densities
heavier kernels, but fewer kernels per spike resulted.
2. Grain yield per spike resulted from a balance between
kernel number and kernel weight under different planting
densities.This was also true for grain yield per meter
with tillers per meter ,kernels per spike and kernel
weight.
3. Kernels per spikelet was positively associated with
kernels per spike as well as with grain yield per spike over
the years and at different planting densities.
4. Interaction between the years highly influenced spike
size traits and components of grain yield.Furthermore this
interaction dramatically changed relationship.Positive
association of spikelets per spike and fertile spikelets
with kernels per spike and the negative association with
kernel weight found in 1987-88, different from in 1986-87.
5. The most important traits associated with grain yield
were biological yield followed by number of tillers either
on a individual plant or plot basis regardless of the effect
of planting density.
6. The association of number of kernels per spikelet and
kernels per spike were also important with grain yield per
plot under solid planting condition.
7. Selecting spikelets per spike and kernels per spikelet
would enhance kernels per spike and increase grain yield
potential.55
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